Experimental design and operation of a directional fiber coupler having identical-output ratio is successfully fabricated. The coupling region is imposed by fusion temperature 800-1350 0 C injecting the Hydrogen gas at 1Atm. Concurrently the coupled-mode theory is used to model power transfer between the waveguides by using transfer matrix method. By 1mW source input power to one of three input ports, it shows that power propagation among three coupled fibers is normalized; the optical fiber are nearly identical and a similar separation between them. The matrix configuration of 3x3 is also used to calculate the polarization effect of directional fiber coupler. It is found that the incident power polarized with various angle causes power output at both three output ports decrease exponentially. This 3x3 directional fiber coupler design is a significant passive component for various functions power splitter and routers.
Introduction
Over two decades, the use of optical network in communication system has greatly developed and expanded from a single device to an optical circuit that consists of many components. One of the components, the optical directional fiber coupler is a passive device that is important key as a combiner, divider, splitter, routers and optical switching [1] . Usually a simple directional fiber coupler consists of two fibers coupled having two output ports with typical coupling ratio [2] . Since many optical signal need to be operated and functioned, and a demand to transfer information, more than two fiber couplers are required.
The fiber coupler with three fibers has been weakly joined by heating its coupled region [3] . The problems emerge when the fabrication of coupling ratio cannot be controlled due to different separation between three fibers make different coupling coefficients amongst them. Thus, a full-wave surface integral equation method was used to model rigorous power coupling of 3x3 fiber coupler [4, 5] . This is to establish a power model with a polarized input which being considered for triangular fiber coupler by assuming that power coupling behavior for these normal modes is dominantly decided by the vector fields at the center of fibers.
Because the triangular configuration of coupling region is complicated to maintain during fusion, a simple linear arrangement of three fibers coupled becomes important to be characterized. Therefor in this paper, approach of simple linear configuration of 3x3 directional fiber coupler is fabricated by fusion and elongation method. A normalized coupling power at coupled region is formulated using coupling mode theory by a transfer matrix method. This matrix is also used to examine the performance of fiber coupler in term of polarization effect.
Method
An experimental set up shown in Figure 1 is based on fusion and elongation techniques. It is carried out by placing three single mode fibers (SMF) on the stages. A corning fiber (SMF-28e®), with diameter of core and cladding 125 and 8.2 micrometer respectively, is connected to the diode laser and displayed to the photo detector. The two fibers are twisted and held by a vacuum system with both ends. All parameters are recorded by data acquisition card installed to the computer system. 
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The initial step is to pre-set parameters of coupling ratio, pulling length, x-y-z position of torch flame, and flowing of H 2 gas. 1 mW laser launched to the one of input ports is detected by a photo detector and kept for calibration. While the fusion and pulling process is started. During heating the coupling region, the fibers are elongated by pulling stages with suitable pulling speed of ≈100µm/s. Heating and pulling process will be automatically stopped when the pre-set coupling ratio is reached. For safety reason, the coupling region is saved and packaged. The mechanical operation is motorized in micrometers scale. 
Theoretical Consideration of Optical Waveguide Configuration
Optical power signal propagation in the coupled waveguide medium was determined clearly from the Maxwell equation using coupling-mode theory (CMT) method [6] . The modeling and experiment of power parameters of SMF coupler have been studied [7] . It showed the coupling ratio as function of coupling coefficient between the fibers. Assume the model is simplified where the refractive indices of coupled fibers are constant, and geometrical fibers are also identical as shown in Figure 3 . The amplitude of power exchanges between two fibers as given by (1). 
Where , and are power amplitudes in Waveguide (WG) 1, WG 2 and WG 3 respectively. The coupling coefficient is denoted by , and L is coupling length. Since the interaction between the three waveguides occurs from the waveguide 1 to the nearest waveguide, waveguide 2, thus the coupling coefficient of waveguide 1 to waveguide 3, can be neglected. The eigenvectors of matrix 3x3, can be constructed as:
And by defining , Equation (1) can be transformed to matrix differential equation:
Substituting Equation (1) to will yield a matrix transfer for 3x3 optical directional coupler as follows.
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And is an empirical coupling coefficient that can be calculated from the experimental work of normalized frequency [8] , and:
Results and Discussion of Normalized Power Propagation
The propagation of optical power in silica-fiber waveguide coupler described by coupled mode theory shows the strength of the coupling coefficient to transfer power from a waveguide to other waveguide. It significantly depends on separation between fibers axis at coupled region. Since fiber coupler successfully fabricated with waveguides are weakly coupled, the fiber cross section and separation are nearly identical, and power detected at output ports will be normalized. However, the transfer power between the waveguides is various not only each configuration or arrangement of that three fibers joined, but also the optional input port fed by power. In this discussion, linear arrangements of three waveguides at coupling region are purposed.
Power is launched to outer waveguide (WG 1 or WG 3), the power transfer between three waveguides can be determined from matrix transform which is given by (4) in two conditions. The first condition, power is launched in to waveguide 1 or waveguide 3 as a linear order. By substituting in (4) as shown in Figure 4 will yield,
Figure 4. Power transfer between the three waveguides with variable coupling coefficient
Power P 1 propagates gradually from initial waveguide (WG 1) to the center waveguide (WG 2). Power P 2 affected by the coupling coefficient , will optimize it at waveguide 3 (fiber 3). The second condition, input power is fed in the center of the three waveguides. Similarly, by substituting in (4), will yield, Figure 5 . Power transfer between the three waveguides with variable coupling coefficient Figure 5 shows that power input will be distributed symmetrically to the two outer waveguide (WG 1 and WG 3) and power P 2 is minimum.
Result and Discussion of Polarization Effects
Polarization is a factor that affects the sensitivity and stability of the optical network system, especially for the passive device of fiber optics systems, polarization may cause losses in that device. It is possible to a fiber coupler to have significant losses caused by polarization effects determined from the coupled-mode theory. By rewriting the differential matrix for MXN fiber coupler as (8) , where , and are the electric field for the output powers and input powers are respectively:
Every amplitudes has two component vector polarization, they are x and y component.
Defining is matrix of coupling for single fiber, and is the matrix of coupling between two adjacent fibers. Where , and are the two polarization modes, and two -polarization modes, and polarized modes of two adjacent fibers of coupling coefficients respectively.
Consider all fibers are identically isolated and weakly coupled, having different polarization, and the coupling coefficient of this mode is assumed zero. The coupling coefficients between two identical modes of polarization are assumed and = = . Equation (1) can be written by Equation (9). Or, it can be simplified in term of transpose matrix describing the matrix transmission of the MXN fiber coupler including the two polarized modes.
( 1 0 )
The polarization characteristics of single mode fiber coupler can be investigated by applying matrix (1), then inserting the boundary condition to the calculation. In this research, the polarization characteristics of 3x3 are purposed to be investigated.To examine the polarization behavior of fiber coupler, three fibers are simplified in linear arrangement.
Consider the coupling coefficient given by (5) is held to be constant along the fiber, and the coupling region is very short, it can be assumed , , and
. By using matrix equation of polarization of multiport fiber coupler given by (9), Equation (5) becomes:
The Equation (11) depends upon the optional input power which is launched. For example, if the input power to the center (fiber 2), the output power at fiber 1 and fiber 3 are given by the following Equation.
    
(12 Figure 6 shows good agreement among output power in both three output ports decreases exponentially by increasing the angle of polarization in (12). However, initial power at P 1 is slightly higher than that of power at P 2 and P 3 . This is a weakness of 3x3 as a power splitter since the coupled region is linear arrangement. P 2 and P 3 are held identical and similar power. Figure 6 . Decreasing of output powers versus different angle of polarization
Conclusion
Design and operation of numerical experiment of power propagation in 3x3 fiber coupler using coupled mode theory shows that output power in both three ports are normalized. It is classified that the characteristics of output power depend on which waveguide launched by laser beam. The design of 3x3 directional fiber coupler can be used as a routers when the laser beam fed to the waveguide 1, and it is promising good power divider if input power feeds to the waveguide 2 or center waveguides of linear 3x3 fiber coupler. However, polarization correction needs to be considered for the decreasing of output power caused by increasing angle of polarization.
